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Costs and benefits associated with the externalities generated by Dutch 
agriculture 
Abstract 
This paper provides an estimate of costs and benefits of the negative and, to a lesser extent, positive 
externalities associated with the Dutch agricultural sector. A cost-based approach, rather than a 
demand-based of full CBA approach has been followed. Implications of methodological assumptions 
are discussed and some efforts are made to empirically cross-validate cost estimates. Total benefits 
due to agricultural production, according to available data and research in the Netherlands, are 
calculated to be €5,533.0 million a year and the total costs are calculated to be €1,885.7  million. 
Using the available information, total net benefits of agriculture in the Netherlands are estimated to be  
€3,647.3 million per year for the period 2005 until 2012. The external costs are equivalent to €952 per 
ha of arable and pasture land and are high relative to estimates found for other countries.  
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1. Introduction 
The Netherlands is famous for its windmills, but not less for its agriculture (e.g. dairy, intensive 
livestock, horticulture). The country is the world’s second large exporter of agricultural products, 
coming after the US, although it has only 1.89 million hectares of agricultural land (0.46% of the 
USA’s area). Large amounts of feedstuffs are imported, which are transformed into meat and dairy 
products, a large part of which is subsequently exported, mostly to the EU market. This on the one 
hand reflects a competitive, innovative and creative agriculture and agribusiness but on the other hand 
signals an intensive way of agricultural production that may easily lead to imbalances and is creating 
substantial environmental pressures. This raises growing societal concern about the sustainability of 
agricultural and food systems and the intended and unintended side-effects that can be imposed on the 
environment and human health. This paper aims to provide more insight into the side-effects of Dutch 
agriculture, measured in economic terms and related to the value added the sector generates. 
The Dutch agricultural sector has experienced many developments since 1950s.  Major 
changes in the agricultural sector are: declining real prices for agricultural products, a reduction of the 
number of farms and employees, an increase in scale of the remaining farms, substantial growth in 
labour and land productivity, and a shift towards less land/-based forms of production (Bruchem et al, 
2008). In combination with steady growth outside agriculture, the sector’s share in the national 
economy is declining. Industrial agriculture as it results from these the trends, is increasingly being 
recognised for its negative consequences on the environment, public health and rural communities 
(e.g. Pretty et al, 2000, Tegtmeier & Duffy, 2004). Besides the negative consequences, impacts from 
the agricultural sector are also be positive, for example, because of the role of agriculture in food 
production, the provision of green and blue services, biodiversity preservation and its contribution to 
the landscape (see also FAO, 2009).  
The negative and positive impacts from the agricultural sector on the environment, public 
health and rural communities are the so-called externalities, viz. costs or benefits that occur when the 
activity of one entity directly affects the welfare of other parties in society than those directly 
involved. They go “beyond the market”, implying that (not all) the negative and positive impacts they 
generate are accounted for in economic decision making (Rosen & Gayer, 2008). Externalities 
encountered in the agricultural sector have five features: 1) their costs are often neglected; 2) they 
often occur with a time lag; 3) they often damage groups whose interests are not represented; 4) the 
identity of the producer of the externality is not always known; and 5) they result in sub- optimal 
economic and policy solutions (Pretty et al, 2000).  
In this paper, alongside a reflection on methodological issues,  an analysis of the cost and 
benefits associated with the externalities generated by Dutch agricultural sector is made. The (indirect) 
costs and benefits of the externalities caused by agriculture are important for the determining the 
contribution of the agricultural sector to societal welfare, together with the direct costs and benefits 
facing this sector. The latter are reflected in the value added created by Dutch agriculture. Insight into 
the external costs and benefits linked to the agricultural sector is important for several reasons: it 
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provides a more integral picture of the net contribution of agriculture to the Dutch economy; it creates 
insight in the relative impact of different externalities; it may provide a further basis for allocating 
R&D expenditure, as a way to solve problems with negative externalities; it might help and guide  
researchers, consumers and agricultural producers,  encouraging them to have a closer look at the 
impacts of e.g. industrial agriculture (Tegtmeier & Duffy, 2004), reflect on changing agricultural and 
consumer practices that contribute to make agriculture more sustainable (Pretty et al, 2005), and 
revalue the multifunctional agriculture.   
Although there are a large number of partial assessments (e.g. Jongeneel et al, 2005, PBL 
2008a, 2008b, 2012, Bolt et al 2008, Brink and Grinsven, 2011,Jongeneel et al, 2012), a clear integral 
analysis of the external and internal costs and benefits for the agricultural sector as a whole is still 
missing for the Netherlands. This study aims to contribute to filling that gap, thereby synthesizing 
results of partial assessments. Indirect effects in the value chain are beyond this scope of this study and 
will be not taken into account. 
 
The paper is organized as follows. The next section provides an overview of the most important 
externalities associated with agriculture (section 2). Section 3 provides a brief literature overview. In 
section 4 a discussion on measurement and economic valuation of externalities is provided. In section 
5 the main results are presented, followed by a discussion (section 6) and some concluding remarks 
(section7). 
  
2. Agriculture and externalities 
There are many costs and benefits associated with the agricultural sector. But before estimating the 
costs and benefits it is important to be aware of the different impacts of the agricultural sector in the 
Netherlands. By using a scheme (see Figure 1), the impacts of the agricultural sector in the 
Netherlands are explained. Dutch agriculture comprises two main parts: animal production and  arable 
or crop production. Each type of production has different impacts on the environment. The 
environment is subdivided into three parts: 1) water 2) air and 3) soil . We build our approach on 
Pretty et al. (2000), Tegtmeier & Duffy, (2004), and Jongeneel et al. (2012).    
With respect to water, both the animal farms and the arable farms have an impact on this part 
of the environment. As regards animal production, the following animal activities are considered: 
cows, sheep, goats, pigs, poultry and rabbits. The manure of these animals ends up at the soil. Via the 
soil the components of the manure like phosphate (P) and nitrate (N) flush into the water. Besides, 
rainwater will flush the components of the manure directly from the surface of the soil into the water. 
With regard to arable, there are also substances which will flush into the water. Fertilizers, pesticides, 
nitrate (N) and phosphate (P) used in this sector will end up in the water. These substances have an 
impact on the biodiversity and human health. Removing or reducing these substances in the water 
involves costs. An estimation of these costs has to be made to estimate the costs of the negative 
externalities of the farms with respect to water.  
Farms have also several impacts on the air. Animal farms emit methane (CH4), carbon dioxide 
(CO2), nitrous oxide (N2O), sulfur dioxide (SO2) and ammonia (NH3) to the air. Arable farms emit  
carbon dioxide (CO2) and nitrogen (N) to the air. An estimation of the costs and emission per animal 
species and crop has to be made to make an estimation of the total impact of the agricultural sector on 
the air. 
With respect to soil, both types of farms have an impact on this part of the environment. Via 
the manure of the animals, animal farms deposit nitrate (N), phosphate (P) and zoonosis. Pesticides 
and fertilizers are also getting into the soil. With respect to arable farms, pesticides, nitrate (N), 
phosphate (P), carbon dioxide (CO2) and fertilizers are getting into the soil. These different substances 
have different impacts on the biodiversity in the soil. Land use changes have also an impact on the 
composition of the soil. Certain changes will lead to fixation of  carbon dioxide (CO2) and others will 
lead to emission of  carbon dioxide (CO2). Both the fixation and emissions will have an impact on the 
biodiversity and the environmental as a whole. The emissions and fixation  and the associated costs of 
all these substances have to be estimated to show the impact of the agricultural sector with respect to 
the soil. 
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Figure 3: Overview of impacts of agriculture on its environment
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Figure 1 provides an overview of the evolution of some key indicators on externalities associated with 
agriculture. As Figure 1 shows with respect to nitrate and phosphate emissions to surface water  there 
has been an increase in the 1990s followed by a strong decline in the period 2000-2005, which is 
related to the tightening legislation (see also Van Puijenbroek et al (2014) for the link to the improved 
performance with respect to eutrophication). The emission of greenhouse gasses show a decline in the 
period 1995-2005. Since 2005, however, nitrate, phosphate and greenhouse gas emissions all three 
start to increase. The acidification and pesticides indicators are showing a steady improvement over 
the whole period, although the rate of improvement declined in later years. As regards biodiversity, a 
meadow birds-indicator is shown, which shows a steady decline, be it that after 1995 then annual 
decline is less pronounced than in 1990-1995.  
 
Figure 1 The evolution of 6 externality indicators related to agriculture in 1990-2010 (index 
1990=100) (Where data for a specific year were missing the estimate of the nearest year has been used) 
 
The agricultural sector not only has an impact on the environmental parts such as water, air and 
soil, and related flora and fauna but it also  has an impact on humans. Animal and arable farms 
produce meat, milk, food, bioenergy and other farm related products for human consumption. In 
addition to the impact on the physical environment (water, soil, air) there are indirect  impacts on the 
human health, one could think of, with as an example pesticide residues into food, micro- organisms 
and bacterial and viral outbreaks. A related factor to consider are the monitoring and evaluation costs 
associated with health and environmental standards imposed on agriculture. Besides negative 
externalities on humans, agricultural brings along positive externalities, such its contribution to 
landscape amenity services by the current provision of landscape, habitat protection services, species 
protection, water storage services, and agriculture a sink of carbon dioxide (O’Neil, 2007).  
  
3. Literature 
There are a number of other studies focusing on an integrated evaluation of the costs and benefits of 
the externalities associated with agriculture. Examples are Pretty et al (2000) on the UK, Pillet et al 
(2002) on Switzerland and Tegtmeier and Duffy (2004) on the USA. The study of Pretty et al. (2000) 
has shown that the total external costs of agriculture in the UK are substantial, comprising £233m, or 
89% of the average net farm income for 1996. Pretty et al. (2000) give the recommendation to 
internalise the external costs. By this they mean a redirection of public support from polluting 
activities to sustainable practices, with subsidies used to encourage those positive externalities under-
provided in the market place, combined with a mix of advisory and institutional mechanisms, 
regulatory and legal measures, and economic instruments (levies/taxes) to correct negative 
externalities (Pretty et al. 2000). For the US external costs of agriculture are estimated to be in the 
range of  $5.7 to $16.9 billion annually. Using 168.8 million hectares of cropland in the United States, 
external cost per cropland hectare is calculated to vary between  $29.44 to $95.68 per hectare 
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(Tegtmeier & Duffy, 2004). According to Tegtmeier & Duffy (2004), political intention is required to 
reassess and reform agricultural policy.   
Both the UK and US studies mainly focused on negative externalities from agriculture and less or 
not at all on the positive externalities. Besides, they only focused on the costs of the externalities in 
their study and did not take the direct (private) costs and benefits (net value added) of agriculture into 
consideration. In this study on  the impacts of the agricultural sector in the Netherlands alongside the 
negative externalities also the positive externalities are taken into account, as well as the direct 
contribution of agriculture to the national economy’s income. 
  
4. Analytical framework  
From economic theory it is known that externalities are generating market failures, which are known 
to lead to economic inefficiencies. The graphical illustration provided below briefly illustrate the basic 
source of these inefficiencies, as well as its direction. Figure 2 focuses on the impact of a  negative 
externality. The upward sloping line represents agriculture’s supply curve, which coincides with its so-
called marginal cost curve. This relationship reflects the private (or direct costs) associated with a 
certain output level. Curve D shows the marginal benefits to the user-consumer for each level of 
output. Alongside the private costs, society also faces social costs from agriculture. These are the 
negative impact on welfare due to the negative externalities (e.g. environmental damage) associated 
with agriculture. As a result the social cost curve of agriculture lies above its marginal or private cost 
curve. Without any measures, the free market equilibrium will be at the point where the supply and 
demand curve intersect (Qact). At this point, however, the social costs for the marginal unit  of output 
produced exceeds society’s valuation or willingness to pay for this unit. From a social point of view 
the optimum allocation is the one associated with the intersection of the social cost curve and the 
demand curve (Qopt). More generally it can be concluded that in case of externalities the standard 
market equilibrium is not optimal, because it leads to an under provision of positive externalities and 
an oversupply of negative externalities. The indicated triangular area provides an estimate of the 
welfare loss associated with the negative externality (Boardman et al, 2006, 85, Rosen & Gayer, 
2008). A similar figure could be drawn for the case of a positive externality.  
 
 
Figure 2: Negative externality, optimal allocation and applied cost calculation   
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In order to value the cost associated with the externality ideally a full costs benefit analysis should be 
done. This however would involve an evaluation of the social costs involved with negative 
externalities or the willingness to pay for positive externalities. As these externalities are usually not 
priced, there is no simple way to determine their magnitude. Although there are well-known 
techniques (e.g. travel cost, hedonic pricing, contingent valuation) for measuring this, such an analysis 
was clearly beyond the scope of the current study. Moreover, there is relatively little empirical 
information in The Netherlands about these valuations available from other studies in the literature. 
The sparse information that is available is surrounded with uncertainties and often needs further 
“conversion” before it could be applied in this analysis (e.g. benefit and cost transfer). Following 
others (e.g. Pretty et al 1999) therefore an alternative cost-based approach has been chosen, which is 
also illustrated in Figure 2. 
  
The valuation approach adopted in this study tries to stay as close as possible to information that is 
known and could be  labeled as a kind of a revealed preference approach. This first holds with respect 
to the selected optimal level of agricultural output or externality output. Rather than choosing the 
unknown Qopt, we have chosen to look to what extent the externalities are regulated. A regulation 
usually specifies a norm or standard (e.g. no more than 50mg Nitrate in groundwater). If such a norm 
could be identified this has been taken as the standard for the optimal level. The costs of the 
externality have been calculated as the costs that have to be made to reduce the negative impact of the 
externality (e.g. reducing environmental damage or harm by exploiting standard abatement and 
cleaning technologies) in such a way that norm is achieved. So the approach followed is cost-based 
(clean-up costs, replacement costs, damage-repair costs, avoidance costs) rather than demand-based. In 
Figure 2 the per unit cleaning costs are Ce, whereas the amount that has to be ‘cleaned’ is equal to the 
distance between Qact and the norm. The estimated costs of the externality are therefore equal to the 
shaded rectangle
1
. 
The advantage of the valuation approach to focus on the financial costs associated with reducing 
the externality to a socially accepted level, clearly is that it allows to rely as much as possible on 
known data. However, there are two drawbacks that need to be considered. 
1. From a theoretical point of view the proper approach would be to value the externality rather than 
its abatement cost. The estimate of the social costs thus measured would be the triangle area 
associated with a full CBA-approach rather than the shaded rectangle. As Figure 2 illustrates the 
approximation method followed in this study is not easy to link to a full CBA-measure. First, both 
approaches rely on different optima or norms. Second, the estimated per unit cost might differ 
substantially from society’s willingness to pay. However, it could be argued that the per unit cost, 
as calculated here, is likely to provide a lower bound of the ‘true’ valuation by society2. So actual 
costs or benefits to society might be substantially larger than the numbers calculated here, but are 
not likely to be lower
3
. 
2. The evaluation method implicitly assumes constant marginal abatement costs, which are then 
multiplied by the volume of the externality. However, often several kind of measures are used to 
cope with an externality. As an example see the Water Framework directive (WFD) that includes a 
variety of measures, among which wet buffer zones along water streams, improvement of water 
clearing facilities, helofyten filters, zones with no organic manure application, etc. Often the mix 
of measures differs depending on specific local circumstances. Moreover these measures not only 
differ with respect to effectiveness, they also have different costs associated with them (see 
Soesbergen et al, 2007). As such the linear cost approximation (see the rectangle in Figure 2) 
                                                 
1 We found that in some CBA-studies costs Ce are calculated by multiplying the total amount of emissions of run-off of N to the surface 
water with the per unit removal costs. This implies that the implicit benchmark chosen is then complete removal of the externality (see also 
Pretty et al, 2005, 13). This is not only not realistic (production without any externalities will hardly be feasible), but will also not be 
according to real societal preferences (zero tolerance might be only relevant in case of extreme toxic substances threatening human health). 
2 From the norm established by a democratic government, which can be argued to represent societal preferences, society reveals their 
preference for reducing the harm done by the negative The costs of abatement associated with this externality are the costs of “cleaning” (ex-
post), with these costs based on prices prevailing in the market. 
3 Note that the difference between willingness to pay (demand side) and willingness to accept (supply side) is not linear and that in 
calculating the deadweight loss involves explicitly taking into account the “triangular” or non-linear nature of the deadweight loss. We found 
that this is not always properly done in CBA studies evaluating externalities from agriculture. 
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using the marginal costs as they are evaluated at the current state, might underestimate the true 
costs. 
While most studies considered in the literature review follow a constant marginal abatement cost 
approach, in this study the result of such an approach is compared to more detailed evaluation studies, 
The aim is to get a better insight into the properties form the ‘rectangular’-approximation. A difficulty 
to consider in this regard is that this strategy enforces us rely on cost-benefit or cost effectiveness 
evaluations of specific measures (e.g. the WFD) that not only have an impact on their primary 
objective (e.g. water quality), but also on other externalities (e.g. improving biodiversity). As such 
using such studies on the one hand allows to get more detail and refinement into the analysis, but at 
the other hand introduces an attribution problem: what measures and thus what costs should be linked 
to the reduction of which negative externality or the improvement of which positive externality. As the 
studies considered themselves focus on specific measures rather than on specific externalities the 
researcher have to make their own choices here. 
 
5. Results 
In a number of steps (see text below for further details) the monetary impact of the physical effects 
identified were estimated (average, minimum and maximum estimates based on period 2005-2012). 
This involved an extensive effort on data search, examination, and handling. Data came from various 
sources (LEI and PBL-databases) and studies.  A summary overview of the resulting estimates of costs 
and benefits are provided in Table 1. The left part of Table 1 shows the magnitude of the external costs 
associated with agriculture as they are determined using the “rectangle”-approximation method  is 
equivalent with about 35% of its value added (or nearly 8% of its production value). The value of the 
external benefits is low relative to the external costs. 
Table 1: The annual total benefits and costs of Dutch agriculture, 2005- 2012 (million €) 
Benefit/ cost category Average 
cost/ benefit 
(€) 
Minimum 
(€) 
Maximum 
(€) 
Estimate based on alternative 
studies 
External costs     
Water     
1a. Nitrogen (as N- total)  145.5 135.5 150.5 241-452 (Moxley, 2012) 
1b. Phosphate (as P- total)  42.7 39.9 44.2  
1c. Pesticides 143.7 133.8 154.8  
1d. Eutrophication 140,5 112.4 168.6  
Subtotal 331.9 421.6 518.1 234 (PBL, 2008) 
     
Air     
2a. Greenhouse gasses (CO2) 401.3 343.5 461.3  
2b. Accidification (NOx, SO2) 422.9 391.7 429.8  
2c. Emission of nitrogen (N2O) 374.2    
2d. Emissions of ammonia 352.6 314.0 383.1  
Subtotal 1,551.0    
     
Soil     
3a. Erosion, compaction, soil 
organic matter, salinization 
2.8    
Total costs 1,885.7    
External benefits     
4a. Non- user value nature 
(grassland) 
186.2 18.5 187.8 €265-829 (PBL, 2008) 
     
Direct benefits     
5a.Animal production 4,074.8 3,209.2 4,467.9  
5b. Crop production 1,272.0 941.1 1,527.3  
Total direct benefits 5,346.8 4,150.3 5,995.2  
Total benefits 5,533.0 4,168.7 6,183.0  
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Source: own calculations. Calculation based on data for 2005-2012 or closest approximations to this period when 
data were missing.  
Total benefits due to agricultural production, according to available data and research in the 
Netherlands, are calculated to be € 5,533.0 million a year, including an estimate of the external 
benefits of €186.2 million (as is discussed below this estimate is still incomplete). Total costs are 
calculated to be €1,885.7. By subtracting the total costs from the total benefits, this paper shows that 
the total net benefits of agriculture in the Netherlands are comprising  € 3,647.3 per year for the period 
2005 until 2012. Negative external costs are equal to € 1965 per ha of arable and permanent pasture. 
Below the various cost categories are described in more detail.  
 
 (1) External costs to water 
The first cost category is the damage to natural capital: water. Farm wastes, organic matter, 
microorganisms, pesticides, nutrients, chemical fertilizers and soil escape from farms to pollute 
ground and surface water (Pretty et al., 2000).  These pollutants are rarely discharged directly into the 
surface, but rainwater flushes them into the soil to groundwater. Water delivery companies have to 
comply with the drinking water standards set out in European Union legislation (European 
Commission, 2013). Costs are incurred by water delivery companies to comply with this policy. 
Besides several substances in the water, there are also eutrophication and pollution incidents from 
agriculture.  
(1a) treatment for nitrogen (as N- total):Nitrogen enters drinking water sources from mineralisation of 
organic  nitrogen in the soil, fertilisers and livestock wastes, and from atmospheric depositions (Pretty 
et al., 2000).   Nitrogen can leach into groundwater sources or be carried by soil particles into surface 
waters via runoff. Although the amount of nitrogen into surface water declined in the period 2005- 
2012 it still  impairs aquatic ecosystems and is a human health concern  (Tegtmeier& Duffy, 2004). In 
the period 2000-2005 on average 56.0 million kg nitrate coming from agriculture came into the surface 
water. The share of agriculture in total N emissions was 60 percent. Expenditures by water companies 
on nitrogen removal are  € 2.60 per kg N (Blaeij et al., 2013). Based on this information a negative 
impact of €145 million resulted. 
(1b) treatment for phosphate (as P- total): In The Netherlands a lot of soils are satiated with phosphate 
due to years of over-fertilization. In the period 2000-2005 agriculture has been responsible for 4.2 
million kg of phosphate leaching to surface water (13% share in total phosphor leaching). The costs 
associated with removal of phosphate from the water amount € 10.30 per kg P (Blaeij et al., 2013). 
The average annual costs are estimated to be €42.7 million.  
(1c) treatment for pesticides: Pesticides from agriculture enter surface and groundwater systems 
though runoff and leachate and pose risk to aquatic and human health (Tegtmeier& Duffy, 2004).   
Buurma et al. (2013) estimated the costs for different agricultural sector companies in order to achieve 
pesticide emission reductions. Based on the opportunity principle, the estimated costs by Buurma et al. 
(2013) are used to estimate the total external costs with regard to pesticides treatment in the Dutch 
agricultural sector. Estimated costs to comply with the emission norms for an arable farm are 
estimated on € 2,250 a year and estimated costs per livestock farm are €2,400 a year  (Buurma et al., 
2013). Total estimated pesticides contamination avoidance costs (precautionary principle) are thus 
estimated to be € 143.7 million a year. 
(1d) eutrophication: Freshwater eutrophication (nutrient enrichment) is an externality leading to a 
reduction in the supply of ecosystem services (Hein, 2006). Examples of effects to freshwater are 
biodiversity loss and toxic algal blooms (see for instance Sutton et al., 2011). Species may have a 
commercial interest as well (fishing). Tourism benefits can be relevant as well like swimming. The 
Dutch Ministry of Transport, Public Works and Water (VWS, 2006) calculated a scenario (Maximum) 
which had the best performance in achieving the policy objectives with respect to water quality. From 
this study it could be assessed that the net present value (for the period 2009-2015) of eutrophication 
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related measures was €5,014 million. Taking into account the 18 year period, discounting and 
assuming agriculture’s share is 60%, an annual cost of €140.5 million results. 
Summary external costs water: Total damage to water resources due to agricultural production, 
according to available research in the Netherlands, is calculated to be to € 331.9 million per year. PBL 
(2008) estimated annual costs to society of specific WFD to be taken in the period 2007-2027 to be 
about 390 million. Moxey (2012) estimates costs for 2010 in the range of 403 – 754 euro, not 
necessary all due to agriculture. Given the specific focus to extra measures in line with the WFD these 
results cannot be incorporated directly to this study. The estimate we apply, although obtained via the 
simple “rectangle”-approach is in line with estimates from detailed studies. PBL(2008) estimates the 
annual costs of existing and new measures related to the Water Framework Directive, which main aim 
is to improve the water quality to be €390 million. Assuming agriculture’s share in the emissions of 
various substances to be 60%, the costs would be €234 million. Moxey (2012, 15) provides an 
estimate of the costs of nitrate and phosphate emission for The Netherlands of  €403-754 million. 
Using a 60% share of agriculture in total nitrate and phosphate emission, a costs results of €241-452 
million 
It should be realized that Table 1 does not provide a complete review of all impacts on water by 
agricultural production. Of note, the monitoring and advice on pesticides and nutrients, eutrophication 
costs and the costs incurred by zoonoses in sources of drinking water are not included here.  
(2) External costs to air 
The second cost category is damage to natural capital:  air. Agriculture contributes to atmospheric 
pollution through the emissions of five gases: methane from livestock, nitrogen oxide from fertilisers, 
ammonia from livestock wastes and some fertilisers, carbon dioxide from energy/ fossil fuel 
consumption and loss of soil carbon and sulphur dioxide from farms. These gases have a huge impact 
on the environment and also affect human health. They contribute to atmospheric warming, 
acidification of soils and water, eutrophication and ozone loss in the stratosphere (Pretty et al., 2000). 
The agricultural sector contributes with 66% significantly to the total greenhouse gas emission in the 
Netherlands (Duurzaamheidlandbouw.nl, n.d.).  
(2a) Emissions of greenhouse gasses: The carbon dioxide emission from CO2, CH4 and N2O emissons 
by Dutch agriculture amounted on average 8025 million kg CO2-equivalents per annum. The marginal 
costs of carbon dioxide (CO2) are estimated to be €0.05 per kg (NIBE, n.d.). Annual carbon dioxide 
costs are estimated on € 401.3 million. 
(2b) Emissions of SO2 – acidification: Agriculture plays an important role next to traffic and industry 
to the creation of acidifying substances. The calculated average emission in terms of kg NOx and SO2 
is 105,714. The marginal costs of acidification (SO2) are estimated on €4 per kg SO2 (NIBE, n.d.). 
Annual acidification costs are estimated on  €422,8 million. 
 (2d) Emissions of nitrogen (N2O): Nitrous oxide is emitted when people add nitrogen to the soil 
through the use of synthetic fertilizers and is also emitted during the breakdown of nitrogen in 
livestock manure and urine. The marginal costs of nitrogen emissions (N2O) are €15.50 per kg N2O 
(NIBE, n.d.; LEI Wageningen UR, 2013). The marginal costs of nitrogen oxide are multiplied by the 
total nitrogen oxide emissions by the Dutch agricultural sector, which amounted 467.7 million kg 
(based on multiplying animal numbers with N2O-emission rates).  Annual nitrogen (N2O) emissions 
costs are then €374.2 million. 
 (2e) Emissions of ammonia: Animals in the  (intensive) livestock produce much ammonia through 
manure. Ammonia is harmful to nature, biodiversity and groundwater. LEI Wageningen UR (2013) 
provides data on the total ammonia production by the Dutch agricultural sector. Marginal costs of 
ammonia emissions are retrieved from a study by Walter et al. (2008). They estimated the willingness 
to pay for inter alia ammonia emissions. They made an estimation based on restoration costs. 
Restoration costs are the costs needed to restore the damaged natural environment, i.e. the costs 
involved in restoring the original ecosystem in the cheapest way.  The estimated restoration costs are 
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€3.14 per kg ammonia emissions for the Netherlands (Walter et al., 2008). Annual ammonia emissions 
costs are estimated on € 352.6 million.  
Summary external costs air: Total damage to air due to agricultural production, according to available 
research in the Netherlands, is calculated to be to € 1,551.0 million a year. According to AEA (2011) 
the damage costs to buildings etc. of air pollution for The Netherlands are about €3.4 billion (Mid-
scenario). Accounting for agriculture’s share of 5% in total emissions would lead to a cost due to 
agriculture of €170 million. A recent PBL(2012) study suggests that depending on the strictness of the 
chosen emission plafond (revised benchmark) about €18-40 million of costs for agriculture may have 
to be added. When health costs would be included this number would substantially have to  increase. 
(3) External costs to soil 
The third cost category is damage to natural capital: soil. With respect to soil, a cost distinction can be 
made to off-site damage caused by soil erosion and organic matter and carbon dioxide losses 
(Kuhlman et al, 2010).  A healthy soil is vital for agriculture, but agriculture practices result in soil 
erosion trough tillage, cultivation and land left bare after harvest (Tegtmeier & Duffy, 2004). The 
Netherlands is a flat country with only a very small parts of its soils prone to erosion. Whereas the 
costs associated with erosion there might be some costs associated with soil compaction (mainly as a 
result of the use of heavy machinery). Compacted soils have a reduced buffering capacity and lead to 
an increased leaching of N and nitrous oxide emission. As these latter impacts are also measured 
elsewhere one should be careful to avoid double counting. Taking the conservative estimate from the 
range given by Kuhlman et al (2010, 47) the externality costs of soil compaction would amount 
€2.7/ha. Assuming that only the light sandy and sandy soils are sensitive to compaction (i.e. 50% of 
2.1 million ha.), the external costs are estimated to be about €2.8 million. To the extent this reduces 
soil productivity (could imply a yield reduction of about 2.5%) the cost impact of compaction is 
already taken into account in the direct benefit estimate of agriculture (see discussion below, and also 
Kuhlman et al (2010)). Salinization is another issue that is currently very difficult to quantify, but that 
might become a more serious issue in the future. Based on a survey among several studies our 
provisional estimate is that costs for soil degradation are negligible, or already elsewhere taken into 
account (e.g. productivity effects of soil compaction and soil organic matter loss). 
 
(4) External benefits 
Besides the direct benefits, the agricultural sector also produces external benefits. Despite of the fact 
that it is difficult to put a value on non-market goods like deriving value from having a natural 
environment, we created an estimate of the external benefits of having a natural environment by 
approximating the non-use value of nature. Based on information retrieved from Witteveen en Bos 
(2006) we found that the non-user value for grassland is equal to € 25,- per household for natural 
grasslands. By multiplying this amount by the number of households in the Netherlands we could get 
an estimation of the external benefit non- user value of grassland (total €186.2 million). Estimates of 
non-use value need to be used with due care given the location specificity of the wildlife and 
landscape (benefit transfer) and methodological challenges of determining these values (e.g. Brouwer 
and Slangen, 1998, Brouwer, R. & Spaninks, 1999 and Moxey, 2012).Although a significant effort 
was made a full assessment of the indirect benefits went beyond the scope of this paper. A study 
providing a more complete but still provisional estimate of the total benefits of the non-use value is 
PBL(2008), which estimates an annual benefit in the range of €265 to €869 million. 
 Note that although there are many positive external benefits as mentioned in the previous 
sections an estimation of just one positive externality is provided in this paper. As a result the positive 
external benefits will be highly underestimated. Further research should estimate other positive 
externalities such as wildlife, biodiversity and landscape services.  
 
(5) Direct benefits 
The average value of the production of Dutch agriculture in the period 2005-2012  is €23,831 million. 
The direct benefits from Dutch agriculture is the value added generated by the sector, which is only a 
certain fraction of the turnover. In the analysis an activity based approach has been followed. For each 
subsector of agriculture the value added has been approximated by calculating the revenues minus all 
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non-factor costs. The amount that remains is a proxy for the remuneration of the primary production 
factors. All data on the number of animals and the production of crops are retrieved from LEI and 
CBS databases (including BINternet). The results are presented in Table 2.  
 
 
Table 2  The direct benefits from agriculture 
Benefit/ cost category Average cost/ 
benefit (€) 
Minimum (€) Maximum (€) 
Animal production    
Dairy and cattle 2,923.8 2,135.3 3,249.5 
Pigs 656.3 627.3 677.9 
Poultry & eggs 373.8 341.2 403.0 
Other animals 7.6 5.9 8.9 
     Subtotal animals 4,074.8 3,209.2 4,467.9 
Crop production    
 Mowing crops 42.1 89.7 280.1 
 Root crops 1,229.9 851.3 1,247.3 
    Subtotal crops 1,272.0 941.1 1,527.3 
Total 5,346.8 4,150.3 5,995.2 
 
Total benefits for animal farms according to available data in the Netherlands, is calculated to be € 
4,074.8 million. The most important animals for the Dutch agricultural sector are taken into account. 
Other animals include sheep, goats, turkeys, ducks and rabbits. Total benefits for arable farms 
according to available data in the Netherlands, is calculated to €1,272.0 million. Mowing crops include 
wheat, barley, maize,  rye, oats, and oilseeds (rapeseed). Root crops include ware potatoes, starch 
potatoes, seed potatoes, sugar beets, fodder and seed onions. Table 2 show the central role of dairy in 
animal production and root crops in arable production. The calculated numbers are of a similar order 
of magnitude than those calculated following a factor input approach (see Van der Meulen et al, 2013). 
  
Discussion 
This paper has shown that the external costs of the agricultural sector are about 35 percent of the value 
added, and much higher than the external benefits in  the Netherlands. This can partly be explained by 
the fact that the estimates with respect to the positive externalities are incomplete and difficult to 
evaluate with the “replacement-cost” used in this paper. As became clear from the methodological 
discussion the costs estimates provided here cannot be linked to a real costs benefit-analysis. Both in 
terms of the chosen benchmark, as well as regards the consumer willingness to pay our approach is 
different.  
Although the “replacement-cost”-approach has the advantage that it provides a link to market 
price data as a basis for the monetary valuation, it is not without problems either. Partly this could be 
due to the simple “rectangle”-approximation of cleaning or abatement costs. The marginal costs of 
cleaning are likely to increase when the level of abatement is increased, whereas the approach assumes 
a fixed marginal cost. This might lead to a too low estimate of the real costs. Moreover, the 
“rectangle”-approximation might underestimate the complexity and multiplicity of measures that are 
usually taken, which each have their own impact and costs. In order to gain sensitivity about the 
limitations of the “rectangle”-approach, where possible a comparison with more detailed and refined 
evaluation studies has been made. The results obtained provide some evidence that the “rectangle”-
approximation may underestimate the real costs. However, in general it turns out to be difficult to 
compare different studies with each other since it is not easy to define a “common denominator”. 
Assumptions, benchmark choice and scope often differ which requires additional efforts from the side 
of the researcher to make studies comparable.  
 The impacts of externalities differ over countries because the role and position of agriculture 
is different in different countries. This can be demonstrated by the greatly diverging external costs of 
the Netherlands in comparison with the UK and US. The costs of externalities associated with 
agriculture in The Netherlands resulting from our analysis are equal to € 952.37 per year. This 
compares to €423 (£208) per  ha of arable and permanent pasture in the UK (Pretty et al., 2000) and 
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€19.74  to €64.14  per cropland hectare in the US (Tegtmeier & Duffy, 2004). While all numbers have 
a considerable margin of uncertainty, the difference clearly reflects the intensive way of production in 
Dutch agriculture, relative to those in other countries.   
 
 
Conclusion 
In this paper an analysis of the costs and benefits of the Dutch agricultural sector is provided. A 
number of methodological issues have been discussed and the choice has been made to follow as much 
as possible a cost-based approach. This approach has advantages in particular in the case of regulated 
negative externalities, but is less useful in determining the value of (unregulated) positive externalities 
(there a demand-based approach is necessary).  
The impacts of the agricultural sector on society are far reaching  ranging from impacts on the 
environmental parts, water, air and soil to impacts on humans and biodiversity. Total annual external 
costs are estimated to be €1,885.7 million (35% of total value added). The benefits from positive 
externalities are incompletely measured in this study and generally difficult to determine. An estimate 
of €186.2 million (non-use value of natural grasslands) is used.    
Despite of incorporating as much costs and benefits items as possible, this paper is not yet a 
complete review of all impacts on society by agricultural production. Further research should focus on 
still missing costs and benefits (in particular with respect to the positive externalities), including 
estimates for monitoring costs, health impacts.   
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